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MODERATOR:
Dr. Ioana Cozmuta, Industry Innovation and Microgravity Lead, Space Portal, STC, 
NASA Ames Research Center
PANELISTS:
Prof. Alex Ignatiev, University of Houston & Board Member, Applied Optoelectronics 
Inc (http://ao-inc.com )
Joe Carroll, President and CEO, Tether Applications, Inc.
Bruce Pittman, Chief System Engineer, Space Portal, Wyle, NASA Ames Research 
Center
Dr. Michael Khasin, Applied Physics Group, SGT, NASA Ames Research Center
Andrew Rush, President, Made in Space (http://www.madeinspace.us)
Rich Glover, President and CEO, ACME Advanced Materials (http://www.a2-m.com)
PANEL TECHNICAL LOGISTICS (tentative)
10:00 Jason Keehn of Infocast – brief introduction of webinar
10:02 Ioana introduces speakers & provides an overview of the topic 
10:05 Bruce talks about “Space – The New Business Frontier”
10:15 Ioana talks about the “resources" of Earth’s orbit, microgravity and returning 
the value of microgravity to Earth
10:25 Rich’s demo: ACME Advanced Materials
10:35 Ioana introduces a possible automated concept of a Commercial Microgravity 
Station and discusses Space Manufacturing and environmental value proposition
10:40 Alex’s demo: The Wakeshield Facility - Space Semiconductor FabLab
10:50 Joe talks about In-Orbit Recycling and In-Sity Resources
11:00 Michael talks about Logistics and Energy Requirements for laser ablation of 
orbital debris
11:10 Andrew’s demo: Additive Manufacturing in Space
11:20 Ioana opens questions to audience.
11:30 Ioana wraps up webinar and thanks participants
IOANA COZMUTA, PhD
Industry Innovation and Microgravity Lead
Space Portal, NASA Ames Research Center
May 10, 1946 – first space research flight (cosmic radiation experiments) –US, V2 rocket
February 20, 1947 –first animals into space (fruit flies) –US, V2
November 3, 1957 –first animal in orbit (the dog Laika)                -USSR, Sputnik 2
August 19, 1960 –first plants and animals to return alive from Earth orbit   –USSR, Sputnik 
April 12, 1961 –first human spaceflight -Yuri Gagarin –USSR, Vostok 1
1969 –first Welding experiment in space – Soyuz 6
1971 – composite casting – Apollo 14
1973-1979 – Skylab Materials Processing Facility, Multipurpose Furnace System, Skylab
1980-2000 – Spacelab, etc – Shuttle Era (STS-3 through 87)
April 23, 1971 – first space station –USSR, Salyut 1
February 19, 1986 –first inhabited long-term research space station -USSR, MIR
November 20, 1998  - first multinational space station (ISS)
Largest man-made object built in space to date (Russia, USA, Europe, Japan, 
Canada)
• Access to space is more affordable, reliable and has dramatically
increased frequency
• Private investments in space are closing at $2.5B (New Space
Global, Goldman Sacks)
• Private space companies are scouting out the opportunities of
renting or selling modules as platforms for orbital free-flying
facilities
3/12/2020 6
 Extreme environment:
 Infinite cold
 Vacuum
 “Infinite” solar power
 Severe mass limitations
 miniaturization
 Challenge for survival
 Innovative technologies
 Opportunity for 
International Cooperation
 Long term exposure to reduced microgravity
 Radiation
 Recycling and
reusing of existing
resources (ISRU)
• Gravity is a physical parameter that together with
pressure and temperature define the state of a system
• When the force of gravity is removed other forces (surface
tension, capillary forces) become predominant and drive a
different system dynamics
• Historically, major breakthrough and innovations were
achieved when systems were studied, for example, at low
temperatures.
• Many of our intuitive expectations do not hold up in
microgravity!
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• NEW INSIGHTS into systems behavior and response to variations in their
environment to identify new final states. Knowledge captured in Earth
Orbit. Technology developed on ground able to mimic the new system
state.
• PROCESSING/REPROCESSING IN SPACE of products manufactured on
Earth for improvements in properties and performance through a
processing cycle in space
• MANUFACTURING AND ASSEMBLY IN SPACE of a product built in the
reduced gravity usually from its component elements.
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Dr. Larry de Lucas, UAB
High quality (size, clarity, resolution) 
crystals for efficient generation of new 
therapeutic targets 
NASA Astronaut retrieving 
Ambient Handheld High 
Density Protein Crystal 
Growth (HDPCG) Unit PROTEINS: bacterial sortase; Fenna
Mathews Olsen protein (FMO); Vibrio Cholera;  
Bovine Tripsin; Huntingtin Protein
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EARTH pulled fibers: gravity causes convection 
and mixing in a melt leading to reduced viscosity 
which then increases crystallization before glass 
can form
(left) Defect free ZBLAN 
fiber pulled during a low-g 
arc aboard the KC-135
(right) a crystallized fiber 
pulled from the same 
apparatus under 1-g
µg 1 g
MICROGRAVITY REPROCESSING benefit: 
• improved clarity
• reduced signal attenuation (a factor of x200-2000 
better than current Si-based fibers)
• wide spectral band optical transmission
• expansion of detection range from UV to IR
• enables manufacturing of hollow fibers;  doping 

TECHNOLOGY ETHICS
"Modern technology propelled by the forces of market and politics, has enhanced 
human power beyond anything known or even dreamed of before. It is a power over 
matter, over life on earth, and over man himself…and it keeps growing at an 
accelerating pace.
But lately, the other side of the triumphal advance has begun to show its face with 
palpable threats that seem hard to counter. 
The net total of these threats is the overtaxing of nature, environmental and 
perhaps human as well. Thresholds of processes initiated by us may be reached in 
one direction or another with points of no return.” 
–Hans Jonas, “Ethics of Technology”
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~900B units in 2015
~150 fabs representing 41 companies
The semiconductor industry spends approximately $1 
billion on water and wastewater/year
Recent study shows effective recycling systems offer a 
5x-7x return on capital investment
2000-2015 2016 Renovate/Retrof
it 
(*C neutrality)
~$3B-$4B
Global Foundry: $3B-$5B
TSMC: $9.3B (fab 15 300nm)
New Fab: $8B-$10B
DRAM: $.35B- $4.5B
NAND flash: $7B
Leading Edge fab: $15B-$20B (Gartner R)
$37M-$55M
COST OF A SEMICONDUCTOR FAB
Historically, semiconductor companies in the US have been subject to litigation linked to 
groundwater. 2003-2013: over 10,000 environmental violations for key semiconductor 
companies
Market New facility Renovate/Ret
rofit 
(*C neutrality)
Biological Pharma $500M-$2B
Genentech Vacaville $150M (1994) + $600M (2004 
expansion)
Amgen: $3B (2003-2006)
$200M (antibody site in Singapore)
Eli Lilly Plant: $1B (Insulin Lispro, Puerto Rico)
$150M-$200M
DATA CENTER $600M to build Google (2007)
Building alone:$25M
Power costs ~70-80% of total costs
OTHER FACTORIES COSTS
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Orbital Debris as 
In Situ resource
De-spinning and storage*
Laser Ablation& 
Elemental Separation
3D printing/Additive 
Manufacturing
*U of Colorado
ISS Solar Panels
120kW
200J/mm3
0.05m3/day
200J/mm3
0.05m3/day
Laser Ablation
Laser Ablation
Gas CentrifugeMagnetic Mass Separator
Additive Manufacturing
Light
Heavy
Spinning
Inlet
Outlet
50J/mm3
0.2m3/day
3J/mm3
3.45m3/day
500J/mm3
0.02m3/day
Laser Ablation is the 
energetic bottleneck of 
the OD utilization 
Gas centrifuge is, 
by far, much more efficient 
energetically than 
Magnetic Mass-Separation
Orbital Debris (OD)
